Objective: Binge eating and associated eating disorders are characterized by abnormalities in reward processing. One component of reward is willingness to expend effort to obtain a reinforcer. The Effort Expenditure for Rewards Task (EEfRT) is a widely used behavioral measure of willingness to work for money. We sought to modify the EEfRT to examine willingness to work for food reward and to preliminarily examine the association between binge eating and effort expenditure for food.
Research Domain Criteria (RDoC) Positive Valence systems matrix (National Institute of Mental Health [NIMH] , 2018) highlights multiple factors that influence reward valuation, and thus reward pursuit.
Though individuals typically prefer rewards of greater magnitude, factors including the interval of time prior to reward delivery, the probability of receiving the reward, and the amount of effort needed to obtain the reward must be considered when weighing the costs and benefits of reward pursuit. Delay discounting paradigms have been widely used to assess reward valuation; reviews and metaanalyses suggest that obesity is associated with a preference for smaller, immediate rewards over larger, delayed rewards, with data for binge eating and EDs more equivocal (Amlung, Petker, Jackson, Balodis, & MacKillop, 2016; Stojek & MacKillop, 2017; Wu et al., 2016) .
Fewer ED studies have examined the influence of probability on reward valuation. One study found that patients with BED exhibited a greater preference for smaller, immediate and smaller, more certain rewards (versus larger, delayed and larger, less certain rewards), compared to overweight and healthy weight controls (Manwaring, Green, Myerson, Strube, & Wilfley, 2011) . Case-control differences were present for money, food, and other consumable rewards. Using a task that separately examined probability and reward magnitude contributions to risky choices, Voon et al. (2015) found that obese individuals with BED made more risky choices at moderate (i.e., more uncertain) probability levels compared to healthy controls, with similar impairments in individuals with previous alcohol dependence. This overweighting of reinforcement probability may contribute to continued overeating and substance use in an attempt to experience previous levels of positive reinforcement, despite a decrease in the physiological and psychological reinforcement of the behavior over time (e.g., Burger & Stice, 2012) .
Effort valuation has received less attention in the ED literature and typically has been assessed using progressive ratio (PR) and relative reinforcing value (RRV) tasks. PR tasks require participants to repeatedly press a button to earn a reward, with the amount of "work" required increasing on a PR schedule. The outcome variable is the "breakpoint"-the point at which the participant stops working for the reward. RRV tasks are similar, but they compare effort expenditure for one reward (e.g., palatable food) to an alternative reward (e.g., preferred sedentary activity). Using a PR task, one study found that women with BN had a higher "breakpoint" when working for chocolate candies consumed immediately after being earned, compared to controls (Bodell & Keel, 2015) . Another PR study found that, when participants were instructed to binge eat/overeat, those with BN worked harder for a yogurt shake available to consume after the task than controls (Schebendach, Broft, Foltin, & Walsh, 2013) . Several RRV studies demonstrate that individuals with obesity work harder for palatable snack foods compared to alternative reinforcers (Giesen, Havermans, Douven, Tekelenburg, & Jansen, 2010; Saelens & Epstein, 1996) , with food reinforcement predicting weight gain over time (Hill, Saxton, Webber, Blundell, & Wardle, 2009) . One RRV study found that, after a stress induction, participants who reported "severe" binge eating on the Binge Eating Scale and had greater reactivity to the stress induction worked harder for snack foods versus fruits/vegetables (Goldfield, Adamo, Rutherford, & Legg, 2008) .
Despite their widespread use, PR and RRV tasks are not suggested as paradigms for assessing effortful reward valuation in the revised RDoC matrix. A report by the Positive Valence Systems domain workgroup on behavioral assessment methods for RDoC states that these tasks confound effort, time discounting, reward magnitude, and satiety (NIMH, 2016) . Further, PR and RRV tasks do not allow researchers to isolate trial-level parameters (e.g., reward magnitude) that might influence effort expenditure on a particular trial. Instead, these tasks provide the same reward for each trial and only manipulate effort expenditure, with "breakpoint" representing the sole dependent variable. Thus, the specific factors that influence willingness to work for reward cannot be determined.
The Effort Expenditure for Rewards Task (EEfRT; Treadway, Buckholtz, Schwartzman, Lambert, & Zald, 2009 ) is the only task recommended to assess effort valuation in the revised RDoC matrix (NIMH, 2018) . This task was modeled after effort-based paradigms in rodents (Salamone, Cousins, McCullough, Carriero, & Berkowitz, 1994) and is sensitive to manipulations of dopamine in both rodents and humans (Salamone, Correa, Farrar, & Mingote, 2007; Treadway, Bossaller, et al., 2012; Treadway, Buckholtz, et al., 2012; Wardle, Treadway, Mayo, Zald, & de Wit, 2011) . The EEfRT requires participants to make a series of choices between completing an easy task for a small monetary reward and a hard task for a larger reward. Each trial varies the probability of receiving the reward and the magnitude of the larger reward associated with the hard task, allowing researchers to examine the impact of probability and reward manipulations on participant choices. The EEfRT has been used to examine effort expenditure (or lack thereof ) in individuals with major depression, schizophrenia, autism, bipolar disorder, cannabis use disorder, and obesity (Damiano, Aloi, Treadway, Bodfish, & Dichter, 2012; Johnson, Swerdlow, Treadway, Tharp, & Carver, 2017; Lawn et al., 2016; Mata et al., 2017; Treadway, Bossaller, Shelton, & Zald, 2012; Treadway, Peterman, Zald, & Park, 2015) .
Despite the utility of this translational task, no studies have used the EEfRT in individuals with binge eating or EDs. Given some data suggesting more pronounced reward processing alterations for disorder-specific (i.e., food) compared to disorder-neutral (e.g., money) stimuli in relation to binge eating and BMI (Racine et al., 2018; Rasmussen, Lawyer, & Reilly, 2010; Simon et al., 2016) , we modified the original EEfRT to assess effortful reward valuation for food and examine its relation to binge eating. This study investigated whether, like the original EEfRT, probability, reward magnitude, and their interaction predict the likelihood of choosing the hard versus the easy task when working for a preferred food. We also considered whether individuals with elevated binge eating are especially willing to work for food under particular probability and reward magnitude conditions. Willingness to expend greater effort to obtain a reward may relate to the planning and secrecy that is often involved in binge eating, and understanding of this construct in relation to binge eating may enable us to isolate mechanistically based targets for novel prevention and treatment programs 2 | METHOD
| Participants
Participants were undergraduate women recruited to span the spectrum of binge-eating severity based on scores on the Eating Pathology Symptoms Inventory (EPSI) Binge Eating subscale (Forbush et al., 2013) . One thousand female students completed the EPSI Binge Eating subscale, from which we determined scores corresponding to the 25th, 50th, and 75th percentiles. Seventy-two participants were recruited, with an approximately equal number of participants scoring in each quartile. Four participants were missing self-report data, one was missing height/weight, three were excluded for low EEfRT trial completion (≤50%), and one was excluded for consistently not selecting an EEfRT task within the required time. The final sample was 63 participants.
Participants were required to be at least 18 years and were excluded based on self-reported: (1) head injury resulting in loss of consciousness ≥10 min; (2) previous or current diagnoses of seizures, brain tumors, schizophrenia, or bipolar disorder; (3) excessive consumption of alcohol or illicit drug use in past 6 hr; (4) current use of medication that impacts dopamine (e.g., Ritalin, L-dopa); (5) allergy or unwillingness to consume one of four study foods.
Twelve participants (19%) self-reported a history of at least one psychiatric disorder, with generalized anxiety disorder (n = 8) and major depression (n = 7) most common. On the DSM-5 Eating Disorder Diagnostic Scale (Bohon & Stice, 2017) , nine participants (14.3%) endorsed binge eating in the past 3 months. Of these, six endorsed at least one compensatory behavior, two endorsed symptoms consistent with BED, and one endorsed symptoms consistent with BN.
| Measures 2.2.1 | Binge eating
The 8-item EPSI Binge Eating subscale was used to both select participants and examine the impact of binge-eating symptoms on EEfRT performance (based on in-lab administration of measure). The EPSI is a multidimensional measure of eating pathology that uses a 5-point Likert response scale (0 = never to 4 = very often) based on the past 4 weeks. The EPSI Binge Eating subscale demonstrates excellent internal consistency (α = .85), good test-retest reliability across 2-4 weeks (r = .71), and convergent validity with other eating pathology measures (Forbush et al., 2013) . Internal consistency in our sample was .87.
Given research indicating that EPSI Binge Eating items primarily tap overeating, and not loss of control over eating (Racine, Hagan, & Schell, in revision), we replicated results using the Binge Eating Scale (BES; Gormally, Black, Daston, & Radin, 1982) . The BES is a 16-item measure that assesses the cognitive, emotional, and behavioral symptoms of binge eating; scores of 18 or higher indicate moderate or greater binge-eating severity. The BES has demonstrated excellent internal consistency (α = .85), test-retest reliability over 1 month (r = .84), and validity when compared to clinical interviews (Duarte, Pinto-Gouveia, & Ferreira, 2015) . Internal consistency in our sample was .87; 13% of participants exceeded the BES clinical cut-off.
| Depressive symptoms
Given the co-occurrence of binge eating and depressive symptoms, and associations between depressive symptoms and decreased effort expenditure (Treadway, Bossaller, Shelton & Zald, 2012) , we included depressive symptoms as a covariate, as measured by the Center for Epidemiologic Studies Depression Scale-Revised (CESD-R; Eaton et al., 2004) . This 20-item scale assesses DSM-5 symptoms of major depression over the past "week or so." Internal consistency in our sample was .94. Using the algorithmic scoring method (Eaton et al., 2004) , only one participant was identified as having probable depression.
| EEfRT
The EEfRT is a multi-trial button-pressing task designed to measure willingness to work for reward (see Figure 1 for a diagram of one trial). On each trial, participants choose between two tasks: an easy task, which requires pressing a key with the index finger of the dominant hand 30 times in 7 s, or a hard task, which involves pressing a key with the pinky finger of the non-dominant hand 100 times in 21 s. Each trial is associated with a high (88%), medium (50%), or low (12%) probability of winning, with equal probability proportions across the task. Completion of the easy task is always associated with the chance of winning a small reward ($1.00 in original EEfRT; one food portion in modified EEfRT), whereas reward magnitude for the hard task varies across trials (from $1.24-$4.30 in original EEfRT; from two to five food portions in modified EEfRT). Participants are shown the probability of winning and the magnitude of the hard reward before making a choice.
Before beginning, participants are told that they will play the button-pressing game for 20 min, and that the number of trials FIGURE 1 Schematic diagram of a single trial of the Effort Expenditure for Rewards Task (EEfRT) modified for food completed will depend on their choices (as hard tasks take approximately twice as long to complete as easy tasks; Treadway et al., 2009) . It is explained that completion of the task does not guarantee winning of food, as each trial has a particular probability of being a "win" trial. Participants are instructed to make a choice within 5 s or the computer will randomly choose for them. Participants are informed that they will receive their earned portions of food on two randomly selected "win" trials after the completion of the game; thus, although only a few trials will count in terms of earnings, any trial could count. Finally, participants are told that "cheating" involves intentionally failing trials, switching fingers or hands during the game, and consistently not making a choice within 5 s. Research assistants were in the room during the game to monitor these behaviors.
| Procedure
Participants were instructed to refrain from eating for 2 hr prior to the study; compliance was verified upon arrival to the lab. Participants provided informed consent and were told that they would be completing a button-pressing game during which they could win food.
They chose one of four food incentives and were shown one portion of their chosen food (five M&Ms; 1/8th of a Cosmic chocolate brownie, two regular potato chips, or two Doritos) to make explicit the amount for which they were competing. Participants rated their level of hunger using a rating bar (0 = not at all to 100 = extremely) before being given EEfRT instructions. After finishing the EEfRT, participants rated how hard they worked, as well as how much their choices depended on the probability and magnitude of the reward, using 9-point Likert scales. They also rated "wanting" of the upcoming food reward and, upon first bite, "liking" of the food using rating bars.
Finally, participants completed questionnaires and had height and weight measured using a stadiometer and digital scale, respectively.
The Institutional Review Board approved all procedures.
| Statistical analyses
Following Treadway et al. (2009) , data were analyzed using both subject-level (Pearson correlations and repeated-measures ANOVA) and trial-level (generalized estimating equations [GEE]) approaches. We examined correlations between the mean proportion of hard task choices in the first 60 trials of the task (independent of probability and reward magnitude) with binge eating, depressive symptoms, BMI, wanting, liking, and hunger. Sixty, rather than 50, trials were selected given the greater number of trials completed by our participants (all but two completed at least 60 trials). A repeated-measures ANOVA tested whether reward, probability, and the reward by probability interaction (a measure of "expected value") predicted hard task choices across the first 60 trials. A repeated-measures ANCOVA examined whether continuous binge-eating scores interacted with probability and reward magnitude to predict hard task choices.
Hunger, BMI, and depressive symptoms were included as covariates. Greenhouse-Geisser corrections adjusted results for violations of the sphericity assumption.
Repeated-measures ANOVA/ANCOVA results were replicated using GEE. GEE allows for trial-by-trial modeling of parameters that vary across the experiment (i.e., reward and probability level) and parameters that are constant (i.e., binge eating). A binary logistic distribution was used to model the dichotomous outcome of choosing the easy or hard task. An unstructured correlation matrix was specified. Independent variables included reward, probability, the trial-level reward by probability interaction, and binge eating. BMI, hunger, depressive symptoms, and trial number (a proxy for potential fatigue) were covaried.
3 | RESULTS
| EEfRT performance
Mean completion rates on the EEfRT were lower than in past studies Table 1 presents descriptive statistics and correlations for mean proportion of hard task choices, on average, and self-report variables.
| Descriptive statistics and correlations
Mean proportion of hard choices was lower than in past studies using Greater "wanting" ratings for the upcoming food reward were significantly positively related to proportion of hard task choices, whereas baseline hunger, "liking" ratings upon first bite, and depressive symptoms were not. Proportion of hard task choices also was predicted by a significant reward by probability interaction (F[5, 308 .20] = 16.11, p < .001; η 2 = .11), indicating a steeper effect of probability on hard task choices at greater reward magnitude (see Figure 2 ). This interaction replicated in the GEE model that included trial number as a statistically significant covariate (see Table 2 ). GEE models mostly replicated repeated-measures ANCOVA results (see Table 2 ). There was no significant main effect of EPSI Binge Eating on the per-trial likelihood of making a hard-task choice (b(SE) = .062(.06); p = .30), whereas BES scores were significantly, positively related to hard task choices (b(SE) = .097(.05); p = .047). BMI positively predicted hard task choices, whereas hunger and depressive symptoms were non-significant. For both the EPSI and BES, the reward magnitude*binge-eating interaction significantly predicted the per-trial likelihood of making a hard task choice. The probability*binge-eating interaction emerged as significant for EPSI Binge Eating, with results suggesting that individuals with high EPSI Binge Eating scores may be less likely to choose the hard task choice at higher probability levels.
| Probability and reward magnitude

| Binge eating
The three-way reward*probability*binge-eating interaction could not be tested using GEE due to issues with model convergence.
| DISCUSSION
The aims of this study were to examine whether probability, reward magnitude, and their interaction predict effort expenditure for food reward in the modified EEfRT, and investigate how binge-eating symptoms impact modified EEfRT performance. Similar to the original EEfRT, probability, reward magnitude, and their interaction predicted hard task choices when working for a preferred food reward. Binge eating was generally unrelated to the overall likelihood of choosing the hard task, but individuals with a higher BMI chose a greater proportion of hard versus easy tasks. After controlling for BMI, hunger, and depressive symptoms, binge eating interacted with reward FIGURE 2 Interaction between probability and reward magnitude in the prediction of proportion of hard task choices magnitude to predict hard task choices. Together, the modified EEfRT appears to be an effective measure of willingness to work for food reward. Further, initial findings suggest that individuals with binge eating will expend more effort for food under certain trial conditions.
Our results indicate that the EEfRT can be used to assess willingness to work for both primary reinforcers (e.g., food) and secondary reinforcers (e.g., money). These findings are consistent with reward-related neuroimaging research that suggests both primary and secondary rewards recruit a "common reward circuit" (Sescousse, Caldu, Segura, & Dreher, 2013) . It may not be surprising that our modified task performed similarly to the original, given that the EEfRT was translated from a rodent paradigm involving lever-pressing for food under various reinforcement conditions (Salamone et al., 1994; Treadway et al., 2009) . Further, to reduce variance between a monetary and food reward, we provided participants with their earned food portions at the end of the task, rather than immediately after being won. Our results may have diverged from the original EEfRT had we provided participants with their earned food immediately.
Regarding the association between binge eating and effort expenditure for food, past PR studies suggest that those with BN work harder for a food reward (Bodell & Keel, 2015; Schebendach et al., 2013) , but PR studies cannot examine the specific factors that influence effort expenditure. Using the modified EEfRT, we found that greater binge eating was associated with greater use of information about reward magnitude (but not reward probability, in most cases).
This intuitive finding contradicts some past research. Manwaring et al. (2011) found that participants with BED preferred smaller, more certain, relative to larger, less certain, rewards across various domains (including food), compared to controls. Although these results may suggest BED is associated with prioritizing probability over reward magnitude, probability discounting tasks confound reward magnitude and probability, and thus do not allow for an examination of the relative importance of these parameters. Using a risky decision making task that separately examines probability and reward magnitude, Voon et al. (2015) found that the choices of individuals with BED were not sensitive to reward magnitude manipulations, in contrast to the choices of healthy volunteers. Finally, although not examining binge eating, Mata et al. (2017) found that individuals with obesity seeking weight-loss treatment were less likely to expend effort on high-reward magnitude trials of the monetary EEfRT, relative to overweight (but not healthy weight) individuals. These authors suggest their findings fit with hyposensitivity-to-reward theories of overeating, although they are opposite to the main effect of BMI in our study as well as previous PR and RRV studies in individuals with obesity (Giesen et al., 2010; Saelens & Epstein, 1996) . Discrepant results may be due to differences in the clinical nature of the samples and/or use of food versus monetary reward.
Our study featured several strengths. First, modifying the EEfRT to examine willingness to work for food rather than money in relation to binge eating is novel and important, given initial data indicating greater alterations in reward processing for food versus disorderneutral stimuli (Racine et al., 2018; Simon et al., 2016) . Second, rather than using an unselected sample, we recruited participants across the spectrum of binge eating, thus over-selecting for individuals with greater binge-eating severity. Finally, participants were given a choice of four palatable foods for which they could work, helping to ensure that participants were working for a personally relevant, desirable reward.
Despite these strengths, we note the following limitations. First, we recruited undergraduate students who varied on binge eating, rather than a clinical sample of patients with BN or BED. Those with BN or BED may be even more willing to expend effort for a food reward, given their greater cue reactivity and disinhibited eating (Berner et al., 2017) . Future work should also examine the influence of other eating disorder symptoms (e.g., dietary restraint/restriction), stage of illness (e.g., early, late, remitted), and weight status on modified EEfRT performance in clinical samples. Second, the study only included women, given the higher rates of binge eating and EDs in women compared to men (APA, 2013) . Men tend to make more hard task choices in the monetary EEfRT than women, which may partially account for the lower proportion of hard task choices in our study compared to others (Treadway et al., 2009) . Thus, future studies should compare the performance of women and men on the EEfRT modified for food.
Third, consistent with the monetary EEfRT and one previous PR study (Schedendach et al., 2013) , the food reward was not available for consumption until task completion. As discussed by Bodell & Keel (2015) , immediate consumption more closely resembles the accessibility of, and reinforcement from, food during binge eating. Thus, future research should also examine whether performance on the modified EEfRT differs based on reinforcement timing (i.e., delay or immediate). Finally, we did not administer the original EEfRT, so we cannot compare performance on the monetary and food versions within participants. As noted by Berner et al. (2017) , few studies use both general-and food-specific versions of the same reward task, which is necessary for understanding whether reward-related abnormalities are global versus specific to food. Further, mean hard task choices and completion rates were lower in our study than previous
EEfRT studies, which could indicate that participants are less motivated to work for food than monetary reward, on average. Future research that includes both tasks should explore this possibility.
In closing, knowledge of the specific reward-related abnormalities that characterize binge eating and EDs can lead to improvements in our understanding of mechanisms and to the development of novel treatment approaches. Research using the EEfRT across psychiatric populations can identify similarities and differences between EDs and other psychiatric conditions on effort expenditure, which can inform mechanistically-based classification approaches. Future research can also examine the influence of trait (e.g., personality) and state (e.g., mood) variables on choices on the modified EEfRT to understand for whom, and under what conditions, effort expenditure for food is heightened. Treatments that are designed to modulate effort expenditure may prove helpful in decreasing reward-seeking behavior in relation to binge eating. Finally, studies that compare effort expenditure for food versus other reward types can determine whether treatments should target more generalized or food-specific reward abnormalities in patients with EDs.
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